In this paper, a class of partial differential equations has been studied by the Adomian decomposition method. A generalized inverse operator has been developed to solving various partial differential equations with different types of boundary conditions (Dirichlet, Neumann, and mixed). Several examples in physics and fluid mechanics have been analyzed by the present approach, where a remarkable accuracy has been achieved.
Introduction
Since the beginning of the 1980, Adomian has developed a so-called decomposition method [1, 2] . The main advantage of this method is that it can be used directly for solving all types of differential and integral equations, linear or nonlinear, with constant or variable coefficients. Over the last 30 years, the Adomian decomposition method (ADM) has been applied to obtain the solution of a wide class of initial or boundary value problems [3] [4] [5] [6] , but when initial and boundary conditions have to be imposed, there are still difficulties that can be encountered. Most researchers obtained the solutions of initial and boundary value problems by using either initial or boundary conditions. In 1987, Adomian [7] suggested the modified method (MADM) which has applied on the heat equation terms of the boundary conditions. In this paper an improved formula shall be proposed for the generalized inverse operator based on the MADM [8] . We shall use the ADM with the improved inverse operator to deal with partial differential equations with Dirichlet, Neumann and mixed boundary conditions.
Derivation of the Inverse Operator

Dirichlet boundary conditions.
To study the generalized form for the inverse operator, we consider the . ,
Where   
In order to express 
Here, if
 , we get the case of Lesnic in [8] .
Neumann boundary conditions.
To study the generalized form for the inverse operator, we consider the xx L operator in the form (2.1) and the inverse operator 
It should be also noted hare that when   ( ) 1 p x q x  , the case of Aly et.al., [9] is recovered.
Mixed boundary conditions.
Here, we have two types of problems: (i)
In many practical cases, Cauchy data cannot be specified at the same location; instead only one boundary value can be prescribed, with another condition specified at an interior location inside the specimen under investigation. In such situations we have to solve a direct problem in the region which then provides the Cauchy data at xa  for an inverse problem formulated in the region. To study the generalized form for the inverse operator, we consider the xx L operator in the form (2.1) and the inverse operator 
which is expressed in terms of the two boundary conditions only, i.e.,   , u t a and
 , we recover the case of Lesnic [8] .
Analysis of the Improved Adomian Decomposition Method
Consider the following general example of the single second-order nonlinear inhomogeneous temporal-spatial partial differential equation
Nu t x f t x u t x u t x u t x 
is a nonlinear operator which is assumed to be analytic and   , g t x is an inhomogeneous term. Adomian [7] suggested a modified method (MADM) using two canonical equations for u, as follows
It is clear that where n A denotes the Adomian polynomials which can be computed from the relation 0 0
We shall use this technique with the improved inverse operator to deal with partial differential equations with Dirichlet, Neumann and mixed boundary conditions.
Dirichlet boundary conditions.
Consider Eq (3.1) subject to the initial conditions
and the Dirichlet boundary conditions
Firstly, we consider the t -partial solution as
Applying the inverse operator
on both sides of Eq. (3.9) and using the initial conditions, gives
Secondly, we consider the x -partial solution as
Applying the inverse operator 1 xx L  defined as in Eq (2.2) on both sides of Eq.
(3.11), and using the boundary conditions, yields
Next, we average the partial solutions, i.e., adding the two partial solutions in Eq. (3.10) and Eq. (3.12) and then divide by two to obtain
Substituting Eq. (3.4) and Eq. (3.5) into Eq. (3.13), gives
So that the recurrence relations are 
On adding the two partial solutions in Eq. (3.10) and Eq. (3.17) and dividing by two, we obtain
Substituting Eq. (3.4) and Eq. (3.5) into Eq.(3.18), gives
and hence, the recurrence relations become
Mixed boundary conditions.
(i) Consider Eq (3.1) subject to the initial conditions in Eq (3.7) and the mixed boundary conditions 
From Eq. (3.10) and Eq. (3.22) we obtain
Substituting Eq. (3.4) and Eq. (3.5) into Eq. (3.23) gives
with the corresponding recurrence relations
(ii) Consider Eq (3.1) subject to the initial conditions in Eq. (3.7) 
Therefore, the two partial solutions in Eq. (3.10) and Eq. (3.27) lead to
Substituting Eq. (3.4) and Eq. (3.5) into Eq. (3.28), we have
with the recurrence relations:
Numerical illustrations
To demonstrate the applicability of the proposed method, it has been applied in this section on some classical problems with the corresponding numerical results. 
Rewrite the heat equation in the operator form as 
We solve for xx L equation by applying the inverse operator
on both sides of the previous equation, then we get
This gives the recursive relation:
Therefore, the exact solution   2 ,2 u t x x t is obtained from only two components.
Example 2
Consider the system   22 22 11 ,,
with the initial conditions
and the boundary conditions
Rewrite the given system in the operator form as 
. .
where   zx is defined as given in reference [10] by
. . 
Substituting (4.13) and (3.14) into the system (4.11) -(4.12) gives
Solving a class of partial differential equations
We rearrange (4.15) and (4.16) as
The new system (4.17)-(4.18) includes all conditions (initial and boundary), but the problem that appears now is the inapplicability of Adomian decomposition method, so we define two functions 
The standard Adomian decomposition method defines the solutions   . . Table 1 . 
Conclusion
In this paper, the generalized inverse operator based on the modified Adomian decomposition method was presented to solving partial differential equation with Dirichlet, Neumann, and mixed boundary conditions. The proposed method has been applied on several examples in physics and fluid mechanics and the obtained numerical results were highly accurate.
